Pneumatic ti re 



The present invention relates to a pneumatic tire, more 
particularly to a structure of the tread portion being capable of 
improving uneven wear in the tread shoulder zone. 

Recently, 4-wheel Drive cars such as sport utility vehicle 
(SUV) and recreational vehicle (RV) are rising in popularity. 
The tires of such a 4WD car have a number of occasions to run on 
well paved highways as well as off roads. Therefore, in order to 
achieve both of ride comfort when running off- road and high-speed 
durability on the highways, a tread reinforcing belt including a 
full width band bl and a pair of axially spaced edge bands b2 as 
shown in Fig. 7 is preferred. 

In this structure, however, uneven wear is very liable to 
occur in the tread shoulder zone (e) because the hoop effect of 
the band as a whole becomes decreased in the tread crown (c) 
between the edge bands b2 when compared with that within the 
width of the edge band, and the tread crown (c) is liable to 
swell. Accordingly, the ground pressure is relatively decreased 
in the tread shoulder zone (e) and the slippage between the tire 
and road surface is increased. As a result, shoulder wear - the 
tread wears more in the tread shoulder zone (e) than the tread 
crown (c) - is liable to occur. In the tread shoulder zone (e) , 
so called heel and toe wear, namely, uneven wear between the heel 
edge and toe edge of a tread block is liable to occur. 

In general, a pneumatic tire with a swollen tread crown 
presents, as shown in Fig. 8, a round tire foot print. Thus, the 
inventor made a study of relationships among the uneven wear, 
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slippage and the contour shape of the tire foot print, and found 
that the uneven wear can be decreased by specifically defining 
the contour shape. 

It is therefore, an object of the present invention to 
provide a pneumatic tire, in which by improving the tire foot 
print shape by specifically defining the ground contacting length 
in the tread shoulder zone in relation to that in the tread crown 
zone, uneven wear is effectively reduced. 

According to the present invention, a pneumatic tire 
comprises a tread portion, a pair of sidewall portions, a pair of 
bead portions, a carcass extending between the bead portions, a 
breaker disposed radially outside the carcass, and a band 
disposed radially outside the breaker, the band composed of a 
full width ply extending across the substantially overall width 
of the breaker, and a pair of axially spaced edge plies, wherein 
in a ground contacting face of the tire under a normally inflate 
loaded condition which face has axially outermost edges between 
which the ground contacting width TW is defined, 

the circumferential length Ls of the ground contacting face at an 
axial position 10 % of TW axially inwards of each of the axially 
outermost edges is set in a range of from 75 to 85 % of 
the circumferential length Lc of the ground contacting face at 
the center of the ground contacting width. 

Here, the ground contacting width TW of the tire is the 
axial width between the axially outermost edges E (or tread edges 
E) of the ground contacting region (corresponding to the foot 
print) of the tire under the normally inflated loaded condition. 
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The normally inflated loaded conditi on is such "that! "the tire is 
mounted on a standard wheel rim and inflate to a standard 
pressure and loaded with a standard tire load. Additionally, the 
undermentioned normally inflated unloaded condition is such that 
the tire is mounted on the standard wheel rim and inflate to the 
standard pressure but loaded with no tire load. 

The standard wheel rim is a wheel rim officially approved for the 
tire by standard organization, i.e. JATMA (Japan and Asia), T&RA 
(Norjih America), ETRTO (Europe), STRO (Scandinavia) and the like. 
The standard pressure and the standard tire load are the maximum 
air pressure and the maximum tire load for the tire specified by 
the same organization in the Ai r-pressure/Maxi mum-load Table or 
similar list. For example, the standard wheel rim is the 
"standard rim" specified in JATMA, the "Measuring Rim" in ETRTO, 
the "Design Rim" in TRA or the like. 

The standard pressure is the "maximum air pressure" in JATMA, the 
"Inflation Pressure" in ETRTO, the maximum pressure given in the 
"Tire Load Limits at Various Cold Inflation Pressures" table in 
TRA or the like. The standard load is the "maximum load 
capacity" in JATMA, the "Load Capacity" in ETRTO, the maximum 
value given in the above-mentioned table in TRA or the like. 
In case of passenger car tires, however, the standard pressure 
and standard tire load are uniformly defined by 180 kPa and 88 % 
of the maximum tire load, respectively. 

Embodiments of the present invention will now be described 
in detail in conjunction with the accompanying drawings. 

Fig.l is a cross sectional view of a pneumatic tire 
according to the present invention. 
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Fig. 2 is a cross sectional view of the tread portion. 

Fig. 3 is the foot print of the pneumatic tire. 

Fig. 4 is a developed partial plan view of the tire showing 
an example of the tread pattern. 

Fig. 5 is a perspective view of a rubber tape which can be 
used to form a band. 

Fig. 6 is a cross sectional view for explaining the 
measurement of heel & toe wear (m) . 

Fig. 7 is a cross sectional view of a tread portion for 
explaining the problems involved in a full band and edge band 
structure. 

Fig. 8 shows a tire foot print having an unfavorable 
contour shape. 

In the drawings, pneumatic tire 1 according to the present 
invention is a radial tire comprises a tread portion 2, a pair of 
sidewall portions 3, a pair of bead portions 4 each with a bead 
core 5 therein, a carcass 6 extending between the bead portions 4, 
a breaker 7 disposed radially outside the carcass 6 in the tread 
portion 2 and a band 8 disposed on the radially outside of the 
breaker 7. 

in this example, the tire size is 275/70R16, and he tire 
is designed for 4-wheel Drive cars, e.g. sport utility vehicle 
(SUV), mini van, sedan and the like to use without a tire tube. 

The tread portion 2 is provided with a pair of 
circumferential grooves 15 disposed one on each side of the tire 
equator C. The circumferential grooves 15 extend continuously 
and ci rcumferentially of the tire to divide the tread portion 2 
into a crown part Rc between the circumferential grooves 15 and a 
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outer part Rs axially outside each of the circumferential grooves 
15. in this embodiment, the grooves 15 are a zigzag groove, but 
it may be a straight groove or a smoothly curved wavy groove. 
The width of the circumferential groove 15 is set in the range of 
not less than 2 %, preferably not less than 4 %, but not more 
than 8 %, preferably not more than 6 % of the ground contacting 
width TW. The groove depth is set in the range of not less than 
8.0 mm, preferably not less than 8.5 mm, but not more than 12.0 
mm, preferably not more than 10.5 mm. 

If the crown part Rc is too narrow in width, the rigidity thereof 
becomes insufficient. If the crown part Rc is too wide, heat 
generation increases, in this light, it is preferable that the 
axial distance wa from the tire equator C to the center line (in 
this example, center line of the amplitude) of the 
circumferential groove 15 is set in the range of not less than 
5 %, preferably not less than 7 %, but not more than 12 %, 
preferably not more than 10 % of the ground contacting width TW. 

The above-mentioned carcass 6 comprises at least one ply 
(in this example, two plies 6A and 6b) of cords arranged radially 
at an angle of from 75 to 90 degrees with respect to the tire 
equator C. For the carcass cords, polyester cords are used in 
this example. But, other organic fiber cords, e.g. nylon, rayon, 
aramid and the like can be used. Further, steel cords may be 
used according to need. The carcass plies 6A and 6B are each 
extended between the bead portions 4 through the tread portion 2 
and sidewall portions 3 and turned up around the bead core 5 in 
each bead portion 4 from the axially inside to the axially 
outside to form a pair of turnup portions and a main portion 
therebetween . 
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In each of the bead portions 4, a bead apex 9 made of a 
hard rubber is disposed between the turnup portion and main 
portion of the carcass. The bead apex 9 extends radially 
outwards from the radial outside of the bead core 5 while 
tapering towards its radially outer end. 

The above-mentioned breaker 7 comprises at least two cross 
plies 7a and 7B of cords laid at an angle of from 10 to 45 
degrees with respect to the tire equator so as to cross the cords 
of the next ply. In this example, steel cords are used in each 
ply. But, organic fiber cords, e.g. aramid, rayon and the like 
can be used according to need. The radially innermost ply is 
widest and defines the width BW of the breaker 7. It is 
preferable that the breaker plies are gradually decreased in the 
width from the radially inside to the outside of the tire. 
If the breaker width BW is too narrow, it is difficult to secure 
the rigidity which is necessary for the tread shoulder zone. If 
too wide, the durability is liable to decrease because the rubber 
thickness between the breaker edge and the tire outer surface 
decreases. Therefore, the breaker width BW is preferably set in 
the range of not less than 95 %, more preferably not less than 
100 %, but preferably not more than 105 % of the ground 
contacting width TW. 

The band 8 is disposed on the radially outside of the 
breaker 7 so as to cover the overall width of the breaker 7, and 
made of cords whose cord angle is almost zero or a small value of 
not more than 5 degrees with respect to the tire equator. 

In the present invention, the band 8 consists of a pair of 
axially spaced edge band plies 8B covering the respective edge 
portions of the breaker 7, and a full width band ply 8A extending 



6 



across the substantially overall width of the breaker 7. 
If the band 8 consists of only a full band ply 8A, it is 
difficult to improve the high-speed durability. If the band 8 
consists of two or more full band plies 8A only, the rigidity in 
the tread crown Cr is excessively increased to deteriorate ride 
comfort. Further, the tire weight is unfavorably increased, if 
the band 8 consists of the edge band plies 8B only, the hoop 
effect becomes insufficient in the tread crown Cr and the high- 
speed durability decreases. 

Each ply 8A, 8B can be made up of a plurality of spiral windings 
of at least one cord or a wound strip of rubberized parallel 
cords- Preferably, the band 8 is formed by spirally winding at 
least one organic fiber cord having a relatively low modulus, e.g. 
nylon cord or the like. In this case, the use of a rubber tape 
13 is preferred. The rubber tape 13 is as shown in Fig. 5 such 
that a single cord 11 or parallel cords 11 are embedded in 
unvulcanized rubber 12 along the length thereof. 

The tape 13 has a width narrower than the ply 8A, 8B to be formed, 
and by spirally winding a tape plural times the ply is formed, 
in connection with the winding pitch, there may be formed between 
the adjacent windings an overlap or a space or neither. 
The above-mentioned strip, on the other hand, means that having a 
width corresponding to the ply to be formed. Thus, the strip is 
wound almost once around the tire with the circumferential edges 
overlapped each other. 

From a point of view of uniformity, it is preferable that the 
rubber tape 13 is wound at the pitch corresponding the tape width 
without a space and an overlap between the windings. 
In any case, the cord count in each ply is set in the range of 
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from 45 to 55 (/5cm) in this embodiment. 

If the width EW of each of the edge band plies 8b is less 
than 25 % of a half width (BW/2) of the breaker 7, it is 
difficult to improve the high-speed durability as the hoop effect 
becomes deficient in the tread shoulder zone. If the width EW is 
more than 40 % of a half width (BW/2) , the ride comfort is liable 
to deteriorate- Therefore, the axial width EW of the edge band 
ply 88 is preferably set in the range of not less than 12-5 %, 
more preferably more than 14 % but not more than 20 %, more 
preferably less than 17-5 % of the breaker width BW under the 
above-mentioned normally inflated unloaded condition, 

The edge band plies 8B may be disposed on the radially 
outside of the full band ply 8a disposed on the radially outside 
of the breaker 7- But, in this embodiment, the edge band plies 
8b are disposed on the radially outside of the breaker 7, and the 
full band ply 8a is disposed on the radially outside of the edge 
band plies 8b so that the edge band plies 8b cover the axially 
outer edges of all of the breaker plies 7A and 7B and the full 
band ply 8A covers the axially inner edges of the edge band plies 
8B- In this example, the axially outer edges of the band plies 
8a and 8B are substantially aligned with the widest breaker ply 
7A. 

Fig. 3 shows an example of the target tire foot print FP 
under the above-mentioned normally inflated loaded condition. 

The shoulder ground contacting length Ls which is defined 
as the circumferential length of the foot print FP at an axial 
position axially inward of the tread edges E by 10 % of the 
ground contacting width TW is set in the range of not less than 
75 %, preferably not less than 80 %, but not more than 85 % of 
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the crown ground contacting length Lc which is defined as the 
circumferential length of the foot print FP at the central 
position (tire equator) of the ground contacting width TW. 
If the length Ls is less than 75 % of the length Lc, the ground 
pressure decreases in the tread shoulder zone to increase the 
slippage and the shoulder wear and heel and toe wear are 
increased. If the length Ls is more than 85 % of the length Lc, 
the ground pressure increases excessively in the tread shoulder 
zone. This also increase the heel and toe wear during cornering 
in particular. 

in the foot print FP in this embodiment, the crown ground 
contacting length Lc is longest, and the circumferential length 
of the foot print FP is gradually decreased towards the tread 
edges E. 

In order to change the shape of the contour of the foot 
print FP, specifically in order to increase the shoulder ground 
contacting length Ls, for example, the following measures may be 
employed alone or in combination: increasing the thickness of a 
tread rubber in the shoulder part Rso; decreasing the width of 
the breaker; increasing the angle of the breaker cords with 
respect to the tire circumferential direction; increasing the 
radius of curvature of the tread profile (becomes more flat); 
increasing the radius of curvature of the carcass profile in the 
tread portion 2, etc. In this embodiment, the thickness of a 
tread rubber G is increased in the shoulder part Rso. 

AS shown in Fig. 2, the tread rubber G in this example 
consists of a radially inner tread rubber Gb which is disposed on 
the band 8 and a radially outermost tread rubber Ga which is 
disposed on the radially outside thereof defining the ground 
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contacting surface. Excepting the grooved part, the percentage 
of the thickness of the outer tread rubber Ga to the overall 
tread rubber thickness (Tc, Ts) is increased in the outer part Rs 
when compared with that in the crown part Rc. 
The outermost tread rubber Ga is harder than the inner tread 
rubber Gb, For example, the hardness of the outermost tread 
rubber Ga is set in the range from 60 to 62 degrees, and the 
hardness of the inner tread rubber Gb is set in the range of from 
54 to 58 degrees- Preferably, the loss tangent (delta) of the 
inner tread rubber Gb is set in the range of from 0.03 to 0.07. 
In other words, a relatively low heat build-up Clow hysteresis) 
rubber is used. On the other hand, the loss tangent (delta) of 
the outermost tread rubber Ga is set in the range of from 0.15 to 
0.20 from a point of view of wear resistance. 
In this example, further, the above-mentioned percentage is 
gradually increased from the axially inside to the outside of the 
tire in the outer part Rs. Therefore, motion of the 
undermentioned blocks Bl and B2 in the outer part Rs is 
effectively controlled, which helps to reduce wear in the tread 
shoulder zone while decreasing heat generation from the crown 
part during high speed running. 

Here, the hardness means a hardness measured with a type-A 
durometer according to Japanese industrial standard K6253. 
The loss tangent (delta) is measured with a viscoelastic 
spectrometer manufactured by IWAMOTO SEISAKUSYO, using a specimen 
of 4 mm width X 30 mm length x 1.5 mm thickness under the 
following measuring conditions: temperature of 70 deg. c, 
frequency of 10 Hz and dynamic distortion of plus/minus 2%. 
Fig. 4 shows an example of the tread pattern. 
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In case of a combination of a full width band ply 8a and 
axially spaced edge band plies 8B, naturally, the hoop effect of 
the band 8 becomes less between the edge band plies 8B in 
comparison with that within the width of the edge band ply. 
In order to compensate such less hoop effect between the edge 
band plies 8B, the crown part Rc in this embodiment is formed as 
a circumferential rib which extends substantially continuously in 
the tire circumferential direction, whereby the swelling in the 
tread crown due to tire inflation pressure, centrifugal force 
during high-speed running and the like may be effectively 
controlled, in order to maintain the substantial continuity, a 
groove or cut extending across the entire width of the rib is not 
provided, if it is necessary to provide grooves and/or cuts, 
they are terminate in the rib, preferably before the tire equator, 
and preferably they are staggered and formed shallower than the 
circumferential groove 15. 

in this example, the tread portion 2 is provided with an 
additional circumferential grooves 16 axially outside each of the 
above-mentioned circumferential grooves 15. The axially outer 
circumferential grooves 16 also extend continuously and 
ci rcumferentially of the tire. Thus, each of the outer part Rs 
is substantially bisected into an axially inner middle part Rsi 
and an axially outer shoulder part Rso. 

The axially outer circumferential groove 16 has the substantially 
same geometry as the axially inner circumferential groove 15. 
The width of the outer circumferential groove 16 is set in the 
range of not less than 2 %, preferably not less than 4 %, but not 
more than 8 %, preferably not more than 6 % of the ground 
contacting width TW. The groove depth thereof is set in the 
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range of not less than 8.0 mm, preferably not less than 8.5 mm, 
but not more than 12.0 mm, preferably not more than 10.5 mm. 

in this example, the middle part Rsi is provided with 
axial grooves 17 and thereby divided into middle blocks Bl. 
Similarly, the shoulder part Rso is provided with axial grooves 
18 and thereby divided into axially outermost shoulder blocks B2. 
The axial grooves 17 and 18 have a groove width of from 6.0 to 
8.0 mm, and a groove depth of from 5.0 to 7.0 mm. The axial 
grooves 17 and 18 are each made up of one circumferential segment 
17c, 18c and two lateral segments 17L, 18L which are arranged in 
a zigzag formation. As to the inclination angle with respect to 
the circumferential direction, the circumferential segment 17c, 
18c is substantially 0 degree, and the lateral segments 17L, 18L 
are substantially 90 degrees. Thus, each groove 17, 18 has a 
crank-shape and as a result, uneven wear can be further decreased . 

Given that the overall inclination angle 0 1 of the axial 
groove 17, 18 is an inclination angle with respect to the tire 
circumferential direction, of a straight line K drawn between the 
ends Pa and Pb of the groove at the groove center, 
the overall inclination angle 0 1 is set in the range of not less 
than 60 degrees, preferably not less than 65 degrees, but not 
more than 80 degrees, preferably not more than 75 degrees. 
If the angle 01 is less than 60 degrees or more than 80 degrees, 
it is difficult to prevent uneven wear. 

in view of noise performance, it is preferable the angle 0 1 of 
the axial groove 18 in the shoulder part Rso is larger than the 
angle 0 1 of the axial groove 17 in the middle part Rsi. 

with respect to each shoulder part Rso, the number of the 
axial grooves 18 is preferably such that 2 to 4 grooves. 
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preferably 2 or 3 grooves exist in the foot print FP. Here, if 
80 % or more of the length of the groove center line is included 
in the foot print FP, the groove is regarded as existing in the 
foot print FP. If the number exceeds 4, as the shoulder block 
rigidity decreases, the steering stability during high-speed 
straight running on well paved roads is liable to deteriorate, 
and further the overall tread wear or shoulder is liable to 
increase. 

In this example, further, the shoulder blocks B2 are each 
subdivided into two block segments B2a and B2b by a narrow groove 
20- Also, the middle blocks Bl are each subdivided into two 
block segments Bla and Bib by a narrow groove 20. 
The narrow groove 20 extends zigzag across the block Bl, B2, and 
the overall inclination of the narrow groove 20 which is defined 
as of a straight line drawn between the groove ends is inclined 
reversely to the above-mentioned straight K with respect to the 
tire circumferential direction. 

If the narrow groove 20 is too wide, the block becomes low 
rigidity. If the narrow groove 20 is zero width, it is difficult 
to provide flexibility. Therefore, it is preferable that the 
groove width of the narrow groove 20 is set in the range of not 
less than 0.5 mm, preferably not less than 0.8 mm, but not more 
than 1.5 mm, preferably not more than 1.0 mm on the premise that 
the groove depth is in the range of from about 30 % to about 80 % 
of the groove depth of the axially outer circumferential groove 
16. 

AS to the overall inclination angle 0 2 of the narrow groove 20 
which is defined in the same way as the above-mentioned angle 0 1, 
the angle 9 2 is preferably set in the range of from 40 to 50 
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degrees with respect to the tire circumferential direction. 

comparison Test 

Radial tires of size 275/70R16 (rim size 8JJX16) for 4WD 
sport utility vehicle Csuv) were made and tested for the high- 
speed durability and uneven wear. 

High-speed durability test 

The test tire mounted on a standard rim (size 83JX16) was 
subjected to an indoor wheel test prescribed by the Procedure for 
Load/Speed Performance Tests of the Economic Commission for 
Europe (ECE-30). The running speed was increased every 30 
minutes at steps of 10 km/h from initial speed of 170 km/h, and 
the speed at which any failure occurred was measured together 
with the running time at that speed. (Tire pressure: 280 kPa) 

Uneven wear test 

A Japanese 4WD suv with an engine size of 4700 cc provided 
on all the four wheels with test tires (tire pressure: front 200 
kPa, rear 220 kPa) was run for a traveling distance of 300 km in 
a test circuit course including a tight corner of 40 meter radius 
(cornering speed 50 km/h). Then, as shown in Fig. 6, the heel and 
toe wear defined as the difference (m) of wear between the toe 
edge and heel edge of the shoulder block at the O.lTW position 
was measured. 

Ride comfort test 

The test car was run on dry rough roads in a tire test 
course (including asphalt road, stone-paved road and graveled 
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road) and the test driver evaluated ride comfort, based on 
harshness, damping, thrust-up, etc. The test results are 
indicated in Table 1 by an index based on Ref. tire 1 being 100. 
The larger the index, the better the ride comfort. 
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common specifications: 

Ground contacting width TW: 195 mm 

Carcass: Two plies of polyester cords arranged radially at 

90 degrees with respect to the tire equator 
Breaker: Two cross plies of steel cords laid at +24 degrees 

and -24 degrees with respect to the tire equator 
Band: a spiral structure formed by spirally winding a 

rubber tape with nylon cords at a cord angle of 3 
degrees . 
Tread pattern: Fig. 4 
Inner circumferential groove 15 
Groove width: 9.5 mm 
Groove depth: 10-2 mm 
Outer circumferential groove 16 
Groove width: 10.5 mm 
Groove depth: 10.2 mm 
Axial grooves 17, 18 
Groove width: 7 mm 
Groove depth: 6.5 mm 
Angle 0 1: 70 degrees 
Narrow groove 20 

Groove width: 1.0 mm 
Groove depth: 5.5 mm 
Angle 9 2: 45 degrees 

in case of the middle part formed as a rib, the axial grooves 18 
and narrow grooves 20 were simply omitted from that shown in 
Fi g . 7 . 
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From the test results, it was confirmed that heel and toe 
wear and the shoulder wear too can be effectively reduced, while 
maintaining satisfactory high-speed durability and practically 
equal ride comfort. 
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